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(67)  Anelectrical power systemincludes an electrical
power generating system (EPGS); one or more constant
power loads powered by the EPGS; and a power man-
agement and distribution (PMAD) center located be-
tween the EPGS and the one or more constant power

Power management and distribution for power system with constant power loads

loads, the PMAD center comprising a plurality of load
management channels, each of the plurality of load man-
agement channels corresponding to a respective con-
stant power load, wherein each of the plurality of load
management channels comprises a load management
function and a decoupling filter.
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Description
BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates
generally to the field of electric power generating and
distribution systems.

DESCRIPTION OF RELATED ART

[0002] An electrical power system for a hybrid vehicle
may include an electrical power generating system
(EPGS) integrated with a power distribution system that
distributes the power generated by the EPGS to a plu-
rality of electrical loads. However, an electrical system
including a high voltage direct current (DC) EPGS, such
as may be included in a military hybrid vehicle, may have
stability problems when used in conjunction with constant
power loads. As shown in graph 100 of FIG. 1, while
traditional resistance loads have linear voltage-current
characteristics, an electrical system including constant
power loads and a switched mode power converter may
have nonlinear input voltage-current characteristics,
which shows different responses to voltage changes.

[0003] Stability in an electrical power system is also
dependent on the interactions between equipment from
different vendors that is used with the EPGS. During the
life of a vehicle, new electric loads are likely to be added.
The electric power system design must be made suffi-
ciently robust so that major system modifications are not
necessary to accommodate new loads. Also, in an elec-
trical power system including a switched mode power
converter and a source ripple filter in conjunction with an
EPGS and constant ower loads, there is dynamic inter-
action between the power converter input filter and the
source ripple filter. The source ripple filter attenuates rec-
tification ripple and current harmonics resulting from ac-
tive rectifier switching. The power converter input filter
provides forward voltage attenuation of alternating cur-
rent (AC) voltage superimposed on the DC bus voltage,
attenuates current harmonics resulting from power con-
verter switching that are injected into the DC bus to the
levels allowed, and has a low output impedance so not
to adversely affect the stability of the switched mode pow-
er converter. Lack of coordination between the design of
the source ripple filter and the power converter input filter
(which may be a motor drive or DC-DC converter) intro-
duces possible instability for some operating conditions.

BRIEF DESCRIPTION OF THE INVENTION

[0004] In one aspect, an electrical power system in-
cludes an electrical power generating system (EPGS);
one or more constant power loads powered by the EPGS;
and a power management and distribution (PMAD) cent-
er located between the EPGS and the one or more con-
stant power loads, the PMAD center comprising a plu-
rality of load management channels, each of the plurality
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of load management channels corresponding to a re-
spective constant power load, wherein each of the plu-
rality of load management channels comprises a load
management function and a decoupling filter.

[0005] In another aspect, a power management and
distribution (PMAD) center includes at least one load
management channel, the atleast one load management
channel comprising a load management function and a
decouplingfilter, the atleast one load management chan-
nel configured to power a respective constant power
load.

[0006] In yet another aspect, a method of operating a
load management channel located in a power manage-
ment and distribution (PMAD) center located between an
electrical power generating system (EPGS) and a con-
stant power load, the load management channel com-
prising a load management function and a decoupling
filter, the load management function comprising a posi-
tive rail contactor located on a positive rail, a negative
rail contactor located on a negative rail, and an inrush-
current limiting contactor, wherein the inrush-current lim-
iting contactor is in series with a resistor, and wherein
the inrush-current limiting contactor and the resistor are
in parallel with the positive rail contactor on the positive
rail includes during a power-up built-in test mode of the
load management channel, opening the positive rail con-
tactor, the negative rail contactor, and the inrush-current
limiting contactor; during a pre-charge mode of the load
management channel, opening the positive rail contac-
tor, and closing the negative rail contactor and the inrush-
current limiting contactor; during a load on mode of the
load management channel, closing the positive rail con-
tactor and the negative rail contactor; and during a fault
isolation mode of the load management channel, opening
the positive rail contactor, the negative rail contactor, and
the inrush-current limiting contactor.

[0007] Additional features are realized through the
techniques of the present exemplary embodiment. Other
embodiments are described in detail herein and are con-
sidered a part of what is claimed. For a better under-
standing of the features of the exemplary embodiment,
refer to the description and to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Referring now to the drawings wherein like el-
ements are numbered alike in the several FIGURES:
[0009] FIG. 1illustrates arelationship between voltage
and current for constant power loads and resistive loads.
[0010] FIG.2illustrates an embodiment of an electrical
power system including a power management and dis-
tribution (PMAD) center for constant power loads.
[0011] FIG. 3A illustrates another embodiment of an
electrical power system including a PMAD center for con-
stant power loads.

[0012] FIG. 3Billustrates an embodiment of a constant
power load that may be used in conjunction with the elec-
trical power system of FIG. 3A.
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[0013] FIG. 4 illustrates a detailed embodiment of a
load management channel.

[0014] FIG. 5illustrates a flowchart of an embodiment
of a method of operating a load management function in
a load management channel.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Embodiments of a power management and dis-
tribution (PMAD) center for use with an EPGS that pow-
ers constant ower loads are provided, with exemplary
embodiments being discussed below in detail. The
PMAD center includes one or more load management
channels. Each load management channel is dedicated
to a constant power load in the electrical power system.
The PMAD center load management channels are con-
figured to achieve stable system operation, improve pow-
er quality on the system bus, and reduce filtering require-
ments at front-end of the individual constant power loads.
Each load management channel comprises a two-stage
filter, including a load management function and a de-
coupling filter. The pre-charge function at the individual
constant power loads is eliminated by the PMAD center,
and the weight, size, and cost of the overall system are
also lowered by use of the PMAD center.

[0016] FIG. 2 illustrates an embodiment of electrical
power system 200 including a PMAD center for constant
power loads. In one embodiment, the EPGS 201 com-
prises a DC power generator. In an alternative embodi-
ment, the EPGS 201 may include an alternating current
(AC) power generator and a rectifier. Constant power
loads 203A-N are powered by ERGS 201 via PMAD 202.
The PMAD 202 includes a plurality of load management
channels (discussed below in further detail with respect
to FIGs. 3A and 4). In one embodiment, each load man-
agement channel is associated with a respective con-
stant power load of constant power loads 203A-N. The
electrical power system 200 may include any appropriate
number of constant power loads 203, and ay additionally
comprise any appropriate number of resistive loads (not
shown).

[0017] FIGs. 3A-B shows a detailed view of an electri-
cal power system 300 including a PMAD center 306 for
constant power loads according to one embodiment. In
FIG. 3A, an EPGS is shown comprising a permanent
magnet generator (PMG) 301 connected to pulse width
modulated (PWM) active rectifier 302 and voltage regu-
lator 303. PMG 301 is shown for illustrative purposes
only; an electrical power system with a PMAD center 306
may include any appropriate type of generator. Capacitor
304 is connected between the positive rail 309A and neg-
ative rail 309B, and the conditions at point of regulation
(POR) 305, located on the positive rail 309A, are used
by the voltage regulator 303 to control the PWM active
rectifier 302. PMAD center 306 comprises a plurality of
load managementchannels 307A-C. Each load manage-
ment channel 307A-C may correspond to a respective
constant power load 308A-C. The PMAD center 306 may
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also include any number of additional load management
channels (not shown) that may be used to add constant
power loads to the electrical power system 300 during
the life of the electrical power system 300. Each load
management channel 307A-C has a respective positive
rail and negative rail connections to the EPGS comprising
the PMG 301, and a respective positive rail and negative
rail connections to the load management channel’s re-
spective constant power load. The internal details of an
exemplary individual constant power load 308 are shown
in FIG. 3B. Load 310 of FIG. 3B may comprise each of
constant power loads 308A-B shown in FIG. 3A, and in-
cludes an input filter, comprised of components 312 and
313, and a constant power load 314, such as a dc-dc
converter of a motor drive. Current flows from positive
rail connection 311A through inductor 312 through ca-
pacitor 313 and constant power load 314 to negative rail
connection 311B. Load management channels 307A-C
and constant power loads 308A-C are shown for illustra-
tive purposes only; an electrical power system may in-
clude any appropriate number of constant power loads
and respective load management channels. The electri-
cal power system 300 may also include any appropriate
number of resistive loads (not shown) in some embodi-
ments.

[0018] FIG. 4 shows a detailed view of an individual
load management channel 400 for a constant ower load
that is included in a PMAD center such as PMAD center
306 of FIG. 3A. Load management channel 400 may be
included as any of load management channels 307A-C
in PMAD center 306 of FIG. 3. The load management
channel 400 includes load management function 415,
and adecoupling filter 416. Decoupling filter 416 provides
damping and filtering. The combination of the load man-
agement function 415 and a decoupling filter 416 in the
load management channel 400 attenuates rectification
ripple and current harmonics resulting from active recti-
fier switching as well as attenuation of current harmonics
resulting from power converter switching on the system
bus. The decoupling filter 416 improves decoupling be-
tween the loads and allows use of an under-damped input
filter at the load side. Positive rail connection 401A and
negative rail connection 401B receive power from the
EPGS, and a constant power load is connected between
positive load connection 414A and negative load con-
nection 414B.

[0019] Load management function 415 includes three
switches: positive rail contactor 402, inrush-current lim-
iting contactor 403, and negative rail contactor 404. Pos-
itive rail contactor 402, inrush-current limiting contactor
403, and negative rail contactor 404 may be mechanical
circuit breakers or solid-state switches in various embod-
iments. Current flows into load management channel 400
from positive rail connection 401A to positive rail contac-
tor 402, which is in parallel with series inrush-current lim-
iting contactor 403 and resistor 405. Negative rail con-
tactor 404 is connected to the negative rail connection
401B. Overvoltage protection diode 406 bridges the pos-



5 EP 2 562 900 A2 6

itive rail and the negative rail. The load management
function 415, including positive rail contactor 402, inrush-
current limiting contactor 403, negative rail contactor, re-
sistor 405, and overvoltage protection diode 406, pro-
vides power-up built-in test (PBIT), pre-charge, load on,
and fault isolation modes. Because load management
channel 400 includes a pre-charge function, this function
does not need to be performed by the individual load
controllers located in the individual constant power loads,
resulting in improved electric power system integration
of different loads in a vehicle that includes a PMAD in-
cluding one or more load management channels 400.
[0020] The decoupling filter 416 acts to provide damp-
ing, and to reduce ripple on the bus, improving the quality
of the power provided to the load that is connected to the
load management channel 400 at positive load connec-
tion 414A and negative load connection 414B. On the
positive rail, decoupling filter 416 includes inductor 407
in parallel with resistor 408. Parallel inductor 407 and
resistor 408 are in series with inductor 409. On the neg-
ative rail, the decoupling filter 416 includes inductor 412,
which is in series with parallel inductor 410 and resistor
411. Capacitor 413 bridges the positive and negative
rails,

[0021] Operating modes for load management func-
tion 415 are described with respect to method 500 of FIG.
5.In block 501, during power-up built-in test (PBIT) mode,
which occurs when the electrical power system including
the load management channel is first powered up, pos-
itive rail contactor 402, inrush-current limiting contactor
403, and negative rail contactor 404 are all open. In block
502, during pre-charge mode, positive rail contactor 402
is open, and inrush-current limiting contactor 403 and
negative rail contactor 404 are closed. The presence of
resistor 405 in series with inrush-current limiting contac-
tor 403 acts to limit the initial inrush current of the dc link
capacitor of the constant power load that is connected
to the load management channel 400 by connections
414A-B. In block 503, during load on mode (i.e., when
the EPGS is powering the constant power load via the
load management channel 400), positive rail contactor
402 and negative rail contactor 404 are closed. Inrush-
current limiting contactor 403 is open during load on
mode. Lastly, in block 504, during fault isolation or load
off mode, positive rail contactor 402, inrush-current lim-
iting contactor 403, and negative rail contactor 404 are
all open.

[0022] The technical effects and benefits of exemplary
embodiments include enhanced stability in an electrical
power distribution system that includes an EPGS and
constant power loads.

[0023] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an", and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
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specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.

[0024] The corresponding structures, materials, acts,
and equivalents of all means or step plus function ele-
ments in the claims below are intended to include any
structure, material, or act for performing the function in
combination with other claimed elements as specifically
claimed. The description of the present invention has
been presented for purposes of illustration and descrip-
tion, but is not intended to be exhaustive or limited to the
invention in the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope of the invention as
defined by the claims. The embodiment was chosen and
described in order to best explain the principles of the
invention and the practical application, and to enable oth-
ers of ordinary skill in the art to understand the invention
for various embodiments with various modifications as
are suited to the particular use contemplated.

Claims
1. An electrical power system comprising:

an electrical power generating system (EPGS)
(201);

one or more constant power loads (203) pow-
ered by the EPGS; and

a power management and distribution (PMAD)
center (202) located between the EPGS and the
one or more constant power loads, the PMAD
center comprising a plurality of load manage-
mentchannels (307), each of the plurality of load
management channels corresponding to a re-
spective constant power load, wherein each of
the plurality of load management channels com-
prises a load management function (415) and a
decoupling filter (416).

2. Theelectrical power system of claim 1, wherein each
load management function comprises a positive rail
contactor (402) located on a positive rail, a negative
rail contactor (404) located on a negative rail, and
an inrush-current limiting contactor.

3. The electrical power system of claim 2, wherein the
inrush-current limiting contactor is in series with a
resistor (405), and wherein the inrush-current limit-
ing contactor and the resistor are in parallel with the
positive rail contactor on the positive rail.

4. The electrical power system of claim 2, wherein the
load management function comprises a power-up
built-in test mode, and wherein during the power-up
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built-in test mode, the positive rail contactor, the neg-
ative rail contactor, and the inrush-current limiting
contactor are open.

The electrical power system of claim 2, wherein the
load management function comprises a pre-charge
mode, and wherein during the pre-charge mode, the
positive rail contactor is open, and the negative rail
contactor and the inrush-current limiting contactor
are closed.

The electrical power system of claim 2, wherein the
load management function comprises a load on
mode, and wherein during the load on mode, the
positive rail contactor and the negative rail contactor
are closed.

The electrical power system of claim 2, wherein the
load management function comprises a load off/fault
isolation mode, and wherein during the load off/fault
isolation mode, the positive rail contactor, the neg-
ative rail contactor, and the inrush-current limiting
contactor are open.

The electrical power system of claim 2, wherein the
load management function further comprises an ov-
ervoltage protection diode (406) connected between
the positive rail and the negative rail.

The electrical power system of claim 1, wherein each
decoupling filter comprises an inductor (409) in se-
ries with a parallel resistor (408) and inductor (407)
located on a positive rail, and an inductor in series
with a parallel resistor and inductor located on a neg-
ative rail.

The electrical power system of claim 9, wherein each
decoupling filter further comprises a capacitor (413)
connected between the positive rail and the negative
rail.

A power management and distribution (PMAD) cent-
er comprising:

at least one load management channel (307),
the at least one load management channel com-
prising a load management function (415) and
a decoupling filter (416), the at least one load
management channel configured to power a re-
spective constant power load.

The PMAD center of claim 11, wherein the load man-
agement function comprises a positive rail contactor
(402) located on a positive rail, a negative rail con-
tactor (404) located on a negative rail, and an inrush-
current limiting contactor (403).

The PMAD center of claim 12, wherein the inrush-
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14.

15.

current limiting contactor is in series with a resistor,
and wherein the inrush-current limiting contactor and
the resistor are in parallel with the positive rail con-
tactor on the positive rail.

The PMAD center of claim 12, wherein the load man-
agement function comprises one or more of:

a power-up built-in test mode, and wherein dur-
ing the power-up built-in test mode, the positive
rail contactor, the negative rail contactor, and
the inrush-current limiting contactor are open;
a pre-charge mode, and wherein during the pre-
charge mode, the positive rail contactor is open,
and the negative rail contactor and the inrush-
current limiting contactor are closed; and
aload on mode, and wherein during the load on
mode, the positive rail contactor and the nega-
tive rail contactor are closed; and

a load off/fault isolation mode, and wherein dur-
ing the load off/fault isolation mode, the positive
rail contactor, the negative rail contactor, and
the inrush-current limiting contactor are open.

A method of operating a load management channel
located in a power management and distribution
(PMAD) center located between an electrical power
generating system (EPGS) and a constant power
load, the load management channel comprising a
load management function and a decoupling filter,
the load management function comprising a positive
rail contactor located on a positive rail, a negative
rail contactor located on a negative rail, and an in-
rush-current limiting contactor, wherein the inrush-
current limiting contactor is in series with a resistor,
and wherein the inrush-current limiting contactor and
the resistor are in parallel with the positive rail con-
tactor on the positive rail, the method comprising:

during a power-up built-in test mode of the load
management channel, opening the positive rail
contactor, the negative rail contactor, and the
inrush-current limiting contactor;

during a pre-charge mode of the load manage-
ment channel, opening the positive rail contac-
tor, and closing the negative rail contactor and
the inrush-current limiting contactor;

during a load on mode of the load management
channel, closing the positive rail contactor and
the negative rail contactor; and

during a load off/fault isolation mode of the load
management channel, opening the positive rail
contactor, the negative rail contactor, and the
inrush-current limiting contactor.
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DURING PBIT MODE, OPEN POSITIVE RAIL CONTACTOR,
NEGATIVE RAIL CONTACTOR, AND INRUSH-CURRENT LIMITING CONTACTOR

501

l

DURING PRE-CHARGE MODE, OPEN POSITIVE RAIL CONTACTOR,
AND CLOSE NEGATIVE RAIL CONTACTOR AND INRUSH-CURRENT LIMITING
CONTACTOR
502

l

DURING LOAD ON MODE, CLOSE POSITIVE RAIL CONTACTOR AND
NEGATIVE RAIL CONTACTOR
503

DURING LOAD OFF OR FAULT ISOLATION MODE, OPEN POSITIVE RAIL CONTACTOR,
NEGATIVE RAIL CONTACTOR, AND INRUSH-CURRENT LIMITING CONTACTOR
504

FIG. 5
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